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IrSb3 and the isostructural  compounds  RhSb3 and CoSb3 were rcccntly  identified as
n e w ”  p r o m i s i n g  thcrmoclcctric  materials (Caillat ct al. 1993a). T h e  U S C  o f  (hcsc
materials in thermoelectric dcviccs requires that their properties shall not change
over long periods of t ime at operation tcmpcraturc. Tcmpcraturc  stabili ty of the
compound IrSb3 was evaluated by recording the changes in weight and electrical
rcsistivity of an IrSb3 sample as a function of time. Information about the thermal
expansion coefficients of the thcrmoclcctric  materials arc also of interest for the
practical realization of the dcvicc. Thermal expansion coefficient of IrSb3 and RhSb3

were measured by high tcmpcraturc  X-ray study and were found to bc 7.96 x 10 -6/ C
(25-500 *C) for IrSb3 and 12.7 x 10-6/C (25-500°C)  for RhSb3. The thermal expansion
coefficient of CoSb3 was measured using a conventional dilatomctcr  apparatus and
was found to bc 13,46 x 10-G/C (25-450* C).

ODUCTIm

A broad search for ncw high tcmpcraturc thcrmoclcctric  matcriais  c o n d u c t e d  a t
the Jet Propulsion Laboratory Icd to  the  d iscovery  of  new compounds  wi th
remarkable thermoelectric propcrlics: IrSb3, R h S b3 and CoSb3 (Caillat  at al. 1993 b).
The structure of these compounds is of the skuttcruditc,  COA S 3 type. This structure is
composed of a cubic lattice of metals atoms and four-mcmbcrcd  planary  rings of non-
metal atoms. An obvious rcquircmcnt  of a thcrmoclcctric material is that it must bc
stable at the tcmpcraturc of operation. In our rcccnt  study of the phase diagram of
t h e  Ir-Sb s y s t c m  (Caillat  ct a l . 1993c),  the pcritcctic decomposi t ion  tcmpcraturc  of
IrSb3  was dctcrmincd at 1141°C but, bccausc  of the relatively low melting point of
antimony (6320(!),  the vapor pressure of the compound might not bc negligible at
h i g h  tcmpcraturc C 1 O S C  to the pcritcctic decomposi t ion  tcmpcraturc  and partial
dissociation might occurred, We rcccntly  started to  inves t iga te  the  tcmpcraturc
stability of these compounds. Preliminary results of long-term stabili ty of the
compound lrSb3 are presented in this paper,

Little information is available on (hcrtnal expansion of IrSb3, RhSb3 and CoSb3. A
thermal expansion coefficient of 8.0 x 10-G/C (20-432 *C) was dctcrmincd  for IrSb3 by
high tcmpcraturc  X-ray study (Kjckshus 1961) but no mcasurcmcnt of the coefficient
for  RhSb3 a n d CoSb3  can b c  f o u n d  i n  t h e  Iitcraturc. The thermal expansion
coefficient of the compounds JrSb3, R h S b3 a n d  CoSb3 were dctcrmincd  b y  h i g h
tcmpcraturc  X-ray studies and also by conventional dilatomctry  tcchniquc.

Long-term Icmpcrature stability of IrSb3 was estimated by recording the variations
of the electrical rcsistivity  and the weight of a sample heated in vacuum over long



periods of time. The electrical rcsistivity  of a sample about 2 mm thick and 6 mm in
diameter was measured by Hall effect. A Sicmcns  D-500 Diffractomctcr equipped with
a vacuum hot-stage w a s  u s e d  t o  m e a s u r e  (hc Iatticc  c o n s t a n t  c h a n g e s wi[h
tcmpcraturc for the powdered IrSb3 and RhSb3 samples. The incident X-ray was CuKa
and the detector was a Nat scintillator  with a graphite monochromator.  X-ray scans
were taken at IOO”C intervals up to 1000°C for IrSb3 and to 700°C for RhSbs. T h e
platinum diffraction was rccordcd  a( each (cmpcraturc for calibration, Above 500°C,
the position of the diffraction Iincs was very diffused, calculation of the lattice
constant bccamc unccr[ain  and data were not
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The lattice constant of the compounds lrSb3
tcmpcraturc in Figure 1, The lallicc cons tant
for both compounds. The relative change in
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9.35
9,34
9.33

~ ;.;:

9.3
$ 9.29
z 9.28
~ 9,27

9.26
.3 9.25
z 9.24
~ 9.23

9.22
9.21

9.2

retained.

and RhSb 3 arc plotted as a function of
incrcascs linearly with the tcmpcraturc
the length of the Iatticc constant is

[
—m— RhSb3

~lrSb3

“  , /

1 1 I 1 1 1 1 t I n 1

0 100 200 300

Tcmpcralurc

FIGURE 1. Lat[icc  Constant versus Tcmpcraturc  for
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calculated and plotted for the
IrSb3 in Figure 2. For the compound IrSb3, a ~incar  variation is
tcmpcralurc  and 500 ‘C. The expansion coefficient is equal to
25 and 500”C.  This value agrees very WCII with the value of
found in the literature (Kjckshus  1961). For RhSb3, the data arc
thermal expansion coefficient was estimated at 12.7 x 10 -6/ C

b e t w e e n  2 5  a n d  500°C,  U s i n g  a  c o n v e n t i o n a l  dilatomctry  tcchniquc,  a  t h e r m a l
expansion coefficient of 13.46 x 10-6/C was measured on a CoSb3 sample bctwccn 25
and 4SOOC. The room tcmpcraturc  Iatticc constant of the compounds IrSb3, RhSb3 and
CoSb3 arc 9.26, 9.22 and 9.03 ~, rcspcctivcly.  In this family of compounds, the thermal
expansion coefficient incrcascs with decreasing lattice constant.

The weight changes of an IrSb3 sample heated under vacuum at 500°C arc plotted in
Figure 3. After 250 hours, a slight change in weight was observed Iikcly duc to sornc
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FIGURE 2. Relative Lattice Constant Variation versus Temperature for RhSb 3 a n d
IrSb3.
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FIGURE 3. Weight variation of IrSb3 Sample IIcatcd at 550”C.

changes of the stoichiomctry. No furlhcr changes were observed for times up to 1000
hours. This test is currently being continued. The stability of the compound at 500”C
was also demonstrated by recording changes in  the  e lec t r ica l  rcsistivity  of the
sample as a function of the time, Indeed, besides a slight change in the electrical
rcsistivity  of the sample observed after 250 hours, consistent with the change in
weight, no furlhcr  change was observed up to 1000 hours. This test shows that IrSbq
should bc stable for tcmpcraturcs  at least up to 500 “C. These tests will bc continued
and the stability of IrSb3 at higher tcmpcraturc  will also bc investigated.

Wc measured the thermal expansion coefficient for the compounds by x-ray powder
method  and also conventional dilatomctry tcchniquc. 1rSb3 was found to bc stable at a
tcmpcraturc  of 500”C over long period of time by recording changes in the weight
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and electrical rcsistivity of a sample, The tcmpcra(urc  stability tests will bc continued
and different tcmpcraturc  will bc investigated.
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